INTRODUCTION
For the past few decades, with rapidly developing technology, ever increasing population and urbanization, we have been witnessing an alarming rise in the pollution of water all over the globe. Large amounts of colored wastewater are discharged into the natural bodies, releasing toxic and potentially carcinogenic substances, can cause serious harm to the aquatic life [1] [2] [3] . ZnO is a low-cost alternative photocatalyst for the photodegradation of several dyes owing to its high photosensitivity and thermal stability [4] [5] [6] [7] [8] [9] [10] . In order to improve the photo -response of ZnO doping or surface modification with transition, metal cations have been considered as a possible way to shift the optical absorption towards the visible region [11] [12] [13] [14] [15] . The incorporation of Copromoted the charge separation and enhances the high visible light photocatalytic activity [16] . Doping with group III elements such as Al, Ga,and
In can significantly enhance the optical properties [17] . Moreover, the simultaneous doping of two kinds of an atom into ZnO has attracted considerable interest. Nano-crystalline catalyst Co-BiVO 4 [18] showed a high photocatalytic activity under visible light. M-BiVO 4 (M=Ag, Co, and Ni) [19] ascribed to the incorporation of Co into the crystal of BiVO 4 . Nano-crystalline Ag/In 2 O 3 -TiO 2 [20] showed the enhanced photocatalytic activity for the degradation of Rh-B and methyl ter-butyl ether in the liquid phase under UV light and narrowing the band gap due to the change in the band position caused by the contribution of In.
ZnO nanoparticles modified by co-doping with a transition metal ion and group III elements were not synthesized and their photocatalytic activity was not reported so far. In this study, Co and in co-doped ZnO nanoparticles were prepared by co-precipitation method and its photocatalytic activity were estimated by using MB. MB is a potent cationic dye, most commonly used dye in a paper, textile, cosmetic and pharmaceutical industries [21] . The molecular structure of MB is shown in Figure 1 . The effect of various parameters such as pH, an initial concentration of the dye and catalyst dosage has been examined and the results obtained were discussed. Moreover, the antimicrobial activity of Co-In-ZnO nanoparticles has also been investigated. 
EXPERIMENTAL Materials
All the chemicals employed were of analytical grade and applied without further purification. Double distilled water was used throughout the photodegradation experiments.
Synthesis of Co-In-ZnO
A simple co-precipitation method is used to prepare pure ZnO nanoparticles by using ZnSO4.7H2O and NH3 as precursors. CoSO4.7H2O and In 2 (SO 4 ) 3 were employed to synthesize co-doped Co-In-ZnO nanoparticles. The Co-In-ZnO was prepared by the following procedure (the molar ratio of Zn: Co: In is fixed in 1: 0.01: 0.01). Initially, 0.25M zinc sulfate solution was taken. For the Co and In dopants, a definite amount of cobalt sulfate and indium sulfate were slowly added individually and combinedly under continuous stirring for 10 min. Then, aqueous ammonia was added drop wise into the above solution with constant stirring until the completion of precipitation. The mixture was stirred at room temperature for 2h. After that, the precipitate was filtered and repeatedly washed with double distilled water to remove impurities. The nanoparticles were obtained after drying at 1100C for 2h followed by calcination at 350ºC for 3h.
Characterization
The crystallite size of the catalyst was examined by X-ray diffractometer (XPERT PRO) with Cu Kα radiation.
The optical property was determined by UV diffuse reflectance spectroscopy (JASCO V-550) with PMT detector.
Photoluminescence was recorded on the fluorescence spectrometer (Perkin-Elmer LS 55). The surface morphology was characterized by SEM (JSM 6701F---6701) in both secondary and backscattered electron modes. The metal composition was investigated by an energy dispersive X-ray spectroscopy attached to the SEM. The surface morphology was also analyzed by transmission electron microscopy (TEM -TECNAI G2 model). The B. E. The T surface area was measured 
Photocatalytic Experiment
The photocatalytic experiments were carried out in an immersion type photoreactor. The experimental procedure for photodegradation of MB was similar to our previous report [22] . 200 ml of aqueous solution with 10 µmconcentrations of MB was taken in a cylindrical glass vessel, in which air was bubbling continuously from the bottom of the reactor.
Then, the pH of the solution was adjusted using 0.1 N H 2 SO 4 / 0.1 N NaOH and required an amount of photocatalyst 0.5g/L was added to the vessel. Before irradiation, the reaction mixture was stirred in the dark for 30 min to achieve the adsorption-desorption equilibrium between the catalyst and dye molecules. A 150 W tungsten lamp was used as the visible light irradiation source. During the course of light irradiation, 5 ml aliquots were withdrawn at a regular time interval of 30 min. Then, the samples were centrifuged and filtered through a Millipore filter to remove the photocatalyst. The filtrate was analyzed by UV-visible spectrophotometer at λ max =664 nm to evaluate the residual MB concentration.
Photodegradation (%) = C 0 −C/ C 0 X 100 where, C 0 is the concentration of MB before irradiation (t=0) and C is the concentration of MB after a certain irradiation time.
Measurement of Antimicrobial Activity
The antimicrobial activity of the prepared nanoparticles was performed by disc diffusion method using Muller
Hinton agar [23] . 
PL Spectra
The photoluminescence emission spectra of the ZnO, Co-ZnO, In-ZnO, and Co-In-ZnO were shown in Figure 5 .
The highest band intensity was observed for ZnO and lowest for Co-In-ZnO. The PL spectra can be used to examine the recombination of photoinduced electrons and holes. Therefore, lower the PL intensity for Co-In-ZnO reduces the recombination rate of photoinduced electrons and holes on the surface of ZnO. Thus, leading to enhanced photocatalytic activity [24, 25] . TEM. TEM images of Co-In-ZnO was shown in Figure 7 . It reveals that, distribution of Co and In on the surface of ZnO.
The average particle size of Co-In-ZnO is found to be around 20 nm. Energy dispersive spectra of ZnO, Co-ZnO, In-ZnO and Co-In-ZnO nanoparticles were displayed in Figure 8 . EDX spectra of ZnO having only two elements, Zn and O indicate the purity of the ZnO sample and an additional Co and In elements exists in Co-In-ZnO nanoparticles. 
B. E. T. Analysis
The surface area is important for determining the photocatalytic activity of Co-In-ZnO nanoparticles. The N 2 -absorption -desorption isotherms of ZnO and Co-In-ZnO were displayed in Figure 9 . The surface area (S B.E.T . (m 2 /g)) and pore volume (cm 3 /g) was calculated using B. E. T. Equation and the results are listed in Table. 3. These isotherms are identified as hysteresis loops of type III. It is a characteristic of mesoporous (2-50 nm) materials according to the IUPAC classification [26] . The surface area and pore volume of the Co-In-ZnO are higher than that of ZnO. The increase in surface area is due to the presence of Co and In could significantly improve the photocatalytic activity. Figure 11 . The results revealed that the doped ZnO showed higher photocatalytic activity than bare ZnO.
Photodegradation of MB
The photocatalytic activity of Co-In-ZnO was found to be 94%. Therefore, doping of Co and In in ZnO significantly improves its catalytic activity.
A possible mechanism has also been proposed based on the previous reports [24, 27, and 28,] These processes effectively suppress the electron--hole recombination. As it is well known that both superoxide and hydroxide radicals have strong oxidation power, which degrades the MB. Therefore, the photocatalytic activity of Co-InZnO is greatly improved. The results are depicted in Figure 13 .
The photodegradation of MB increases from pH value 5 to 10 and then it decreases with an increase in pH value 11.
According to the point of zero charge (Pzc) of ZnO [pHPzc of ZnO = 9.3], the surface is positively charged in an acidic solution (pH< pHPzc) and negatively charged in alkaline solution (pH>pHPzc) [29, 30] . In a basic medium, the dye is strongly adsorbed on the photocatalyst surface owing to the strong electrostatic attraction between the dye molecule and catalyst and consequently the degradation is high. Since MB is a cationic dye, the electrostatic attraction between the dye molecule and catalyst is improved at pH10. However, further increasing the pH (above 10), which could reduce the hydroxyl ions due to breakage of hydroxyl ions at the catalyst surface. An acidic pH, the low photodegradation of MB is due to slight dissolution of ZnO [31] . availability of active sites remains the same at a fixed catalyst dosage. The dye molecules start acting as a filter for the incident light and result in a decrease in the rate of degradation of MB [32] . Hence, the optimum concentration of MB for better photodegradation was found to be 10µM.
Effect of Catalyst Dosage
The influence of catalyst dosage on the photodegradation of MB was studied by varying the Co-In-ZnO dosage from 0.25g/L to 1.0g/L and other reaction parameters were kept constant (MB concentration: 10 µM, pH=10) and the results are displayed in Figure 15 . The photodegradation of MB increase with increase of Co-In-ZnO dosage from 0.25g/L to 0.5g/L and further increase in catalyst dosage leads to decrease in photodegradation. The observed increment in the photodegradation efficiency is due to the increase of the total active surface area and availability of the most active sites on the catalyst surface. The decrease in photodegradation efficiency above 0.5g/L may be due to the turbidity of the suspension and thus shielding the penetrating light [33, 34] . 
Antimicrobial Activity
The results of antimicrobial activity performed by ZnO Co-ZnO, In-ZnO, and Co-In-ZnO nanoparticles are shown in Table 4 . It is seen from the Figure 18 shows the potential application for the degradation of organic pollutants. All the samples showed better antibacterial activity against Staphylococcus aureus and Escherichia coli and antifungal activity against Candida albicans.
